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Description 

The present invention relates to senniconductor 
laser devices using a compound semiconductor 
material and, more particularly, to a method of 
manufacturing semiconductor laser devices for 
stably providing a laser oscillation of visible light at 
room temperature. 

Rapid advances in semiconductor technologies 
have led to a variety of applications for semicon- 
ductor devices serving as solid-state light-emitting 
elements. Unceasing efforts have been made to 
satisfy needs for higher outputs and higher reliabil- 
ity. In recent years, 
indlum/gallium/aluminum/phosphorus (to be re- 
ferred to as "InGaAJtP" hereinafter)-based semi- 
conductor materials have received a great deal of 
attention as materials for semiconductor lasers 
which provide visible light oscillation. This is be- 
cause the compound semiconductor materials have 
largest band gaps among Group lll-V compound 
semiconductor mixed crystals except for nitrides. 

In particular, a semiconductor laser with a 
double-heterostructure having active and cladding 
layer of InGaAtP on a gallium arsenide (to be 
referred to as "GaAs" hereinafter) substrate can 
exhibit a stable laser oscillation of visible light in a 
0.6-micrometer band at room temperature. A semi- 
conductor laser of this type Is expected to be used 
in various applications which cannot be realized 
using conventional infrared-range semiconductor 
lasers. Therefore, a semi-conductor laser of this 
type is a very expecting light-emitting device. 

Presently available semiconductor laser de- 
vices having an InGaAiP double-heterostructure, 
however, suffer from the following disadvantages: 
(1) a light output cannot be increased up to a 
desired value; and (2) it is difficult to keep satisfac- 
tory operation reliability in a maximum light output 
oscillation mode. 

According to the studies by the present in- 
ventors, it was confirmed that the above problems 
were mainly caused by undesired self light absorp- 
tion at a light output end of an InGaAJtP active 
layer in a laser oscillation mode, as will be ex- 
plained hereinafter in more detail. 

In general, a stripe light guide structure is 
applied to an InGaAtP semiconductor laser. A 
GaAs current-blocking layer is formed on a double- 
heterostructure in which an InGaAJtP active layer is 
sandwiched by upper and lower cladding layers, 
and the current-blocking layer is provided with an 
elongated groove, i.e.. a stripe opening. A GaAs 
ohmic contact layer covers the channel and the 
current-blocking layer. In an oscillation mode, os- 
cillated laser beams are confined in only the open- 
ing, and hence this opening serves as a light 
waveguide channel. An oscillation wavelength is 



determined depending on a band gap energy of 
the InGaAlP layer serving as a light-emitting re- 
gion of the active layer. An InGaAlP active layer is 
conventionally formed using an epitaxial growth 

5 method which is popular among persons skilled in 
the art. Therefore, a band gap energy is simply 
constant across the entire active layer. 

With such an arrangement, when supply of a 
maximum Injection current Is continued in order to 

70 successively perform an oscillation at a maximum 
light output level of the semiconductor laser at 
room temperature, the light output is abruptly de- 
creased, and operation stability is damaged. Such 
degradation in performance is also observed in 

75 semiconductor lasers of other types such as a 
transverse mode stabilized InGaAJtP laser. There- 
fore, the above-mentioned degradation in perfor- 
mance is an inherent phenomenon of InGaAJtP 
compound semiconductor materials, and can be 

20 considered to be caused by its limited inherent 
allowable light density. In practice, substrates of 
several elements degraded due to laser oscillation 
were removed, and a current injection light-emitting 
pattern was observed from the substrate side. It 

25 was confirmed that a black portion was formed 
near each light output end of the laser element. 
This observation result demonstrates generation of 
the following vicious circle. That is, a light density 
of the laser beam output end of the InGaAIP active 

30 layer is increased beyond an inherent allowable 
limit of the material, self light absorption is acceler- 
ated, heat is generated, and the heat generation 
causes further acceleration of self light absorption. 
Such a vicious circle of self light absorption ad- 

35 versely affects, i.e., not only decreases a laser 
oscillation efficiency, but also physically breaks 
down a light output layer in the active layer, since it 
causes a damage, melting, and degradation of the 
layer quality of the layers near the laser oscillation 

40 output end in the active layer. 

These problems have spoiled usefulness and 
future applications of InGaAJtP semiconductor laser 
devices and are decisive for semiconductor manu- 
facturers. Applications of InGaAIP laser devices 

45 without drastic resolutions for the above problems 
seem Impossible. 

In order to prevent degradation in performance 
associated with the above-mentioned self light ab- 
sorption, several high-output semiconductor laser 

50 devices each having a "non-absorbing mirror" 
structure have been proposed. For example, a self- 
absorption prevention technique is disclosed in "An 
AlGaAs Window Structure Laser", HIRO O. 
Y0NE2U et al, IEEE Journal of Quantum Electron- 

55 ICS, Vol. QE-15, No. 8. August, 1979 at pp. 775 - 
781 , wherein impurity such as Zn Is doped into an 
active layer in such a manner that the both end 
portions thereof are kept undoped, so that the band 
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gap energy at the both end portion of the active 
layer is higher than that of the rennaining portions 
thereof. Another technique is disclosed in "AlGaAs 
Window Stripe Buried Multiquantunn Well Lasers", 
HISAO NAKASHIMA et al. Japanese Journal of 
Applied Physics, Vol. 24, No. 8. August, 1985, at 
pp. L647 - L649, wherein an innpurity such as Zn is 
diffused in two end portions of the active layer to 
increase its Internal band gap energy in only the 
diffusion region, thus decreasing self light absorp- 
tion. According to the technique disclosed in this 
article, however, a nnethod of nnanufacturing lasers 
with a "non-absorbing mirror" structure requires 
very connplicated nnanufacturing processes involv- 
ing strict control of crystal growth. Therefore, prac- 
tical application of these processes cannot be ex- 
pected for senniconductor manufacturers very 
much. In addition, application of these techniques 
to the manufacture of high-power semiconductor 
lasers using a specific InGaAJtP-based semicon- 
ductor material, which suffers from more difficult 
crystal growth manufacture than GaAlAs, can be 
hardly expected. 

It is therefore an object of the present invention 
to provide a new and improved a manufacturing 
method of a high-power semiconductor laser of 
NAM (non-absorbing mirror) structure. 

In accordance with the above object, the 
present invention is addressed to a specific semi- 
conductor laser which comprises a first cladding 
layer formed above a semiconductor substrate, an 
active layer disposed on the first cladding layer, 
and a second cladding layer provided on the active 
layer. The second cladding layer includes a 
waveguide channel region to which a current is 
mainly supplied in an oscillation mode of the laser, 
and an output end from which an oscillated laser 
beam is externally output. A current-blocking layer 
is disposed on the second cladding layer, includes 
an opening defined above a central region of the 
waveguide channel region, and covers the second 
cladding layer in only its peripheral portion cor- 
responding to the output end. The active layer 
includes a high-energy band gap region in a pe- 
ripheral portion thereof adjacent to the output end 
of the second cladding layer, and a band gap 
energy of portions except for the high-energy band 
gap region is kept low, whereby self absorption of 
the oscillated laser beam at the output end can be 
reduced or prevented. 

According to the manufacturing method of this 
invention, in order to form such a high-energy band 
gap region in the active layer, additional steps such 
as the step of selectively doping an impurity are 
not required at alt. A contact layer may be formed 
on the current blocking layer having the opening by 
a metal organic chemical vapor deposition 
(MOCVD) method. At this time an impurity is natu- 



rally diffused from the second cladding layer lo- 
cated immediately under the current-blocking layer 
to the active layer, and hence the high-energy 
band gap region can be defined at only a periph- 
5 era! portion of the active layer. 

The present invention, and its objects and ad- 
vantages will become more apparent in the de- 
tailed description of preferred embodiments pre- 
sented below. 

10 In the detailed description of preferred embodi- 

ments of the present invention presented below, 
reference is made to the accompanying drawings 
of which: 

Fig. 1 is a schematic diagram showing the entire 
76 arrangement of a high-output InGaAJtP laser 
with a NAM structure according to a preferred 
embodiment of the present invention; 
Fig. 2 is a diagram showing a plan view of a 
current-blocking layer having a stripe opening of 
20 the laser shown in Fig. 1; 

Fig. 3 is a diagram showing a cross-sectional 
structure taken along the line IN - III of the laser 
shown in Fig. 1; 

Fig. 4 is a diagram showing a cross-sectional 
25 structure taken along the line IV - IV of the laser 
shown in Fig. 1 ; 

Figs. 5A to 50 are diagrams showing, in sche- 
matic cross-section, some of the major steps in 
the formation of the laser in accordance with 
30 one preferred embodiment of the present inven- 
tion; 

Fig. 6 is a schematic diagram showing the entire 
arrangement of a high-output InGaAiP laser 
with a NAM structure according to another em- 

35 bodiment of the present invention; 

Fig. 7 is a diagram showing a plan view of a 
current-blocking layer having a stripe opening of 
the laser shown in Fig. 6; 
Fig. 8 is a diagram showing a cross-sectional 

40 Structure taken along the line VIII - VIII of the 
laser shown in Fig. 6; 

Fig. 9 is a diagram showing a cross-sectional 
Structure taken along the line IX - IX of the laser 
shown in Fig. 6; 

45 Fig. 10 is a schematic diagram showing the 
entire arrangement of a high-output InGaAlP 
laser with a NAM structure according to still 
another embodiment of the present invention; 
Figs. 11A through 1 1D are diagrams showing, in 

50 schematic cross-section, some of the major 
steps in the formation of the laser shown in Fig. 
10 in accordance with the present invention: 
Fig. 12 is a schematic diagram showing the 
entire arrangement of a high-output InGaAlP 

55 laser with a NAM 7 structure according to still 
another embodiment of the present invention; 
Fig. 13 is a graph showing a measurement 
result of change characteristics of a temperature 
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increase AT of an active layer as a function of a 
value Ls In a continuous oscillation nnode of the 
laser shown in Fig. 12; and 
Fig. 14 is a graph showing correlation char- 
acteristics obtained by plotting measurement 
values of a substrate length Ls as a function of a 
channel width Ws when a target value of the 
temperature increase AT of the laser is 10 de- 
grees. 

In Fig. 1 , a semiconductor laser according to a 
preferred embodiment of the present invention is 
generally designated by reference numeral "10". A 
semiconductor substrate 12 is a gallium arsenide 
(GaAs) layer of n-type conductivity. A buffer layer 
14 is formed on the n-GaAs substrate 12 by well- 
known crystal growth. The buffer layer 14 may be 
a GaAs layer, typically 0.5 micrometers thick and 
doped with an n-type impurity to a concentration of 
8 X 10^^ atoms per cubic centimeter. 

A double-heterostructure section is disposed 
on a surface of the n-GaAs buffer layer 14. The 
double-heterostructure section includes a first clad- 
ding layer 16, an active layer 18, and a second 
cladding layer 20. The first cladding layer 16 may 
be an n-type lno.5Gao.15Ato.35P layer having a thick- 
ness of approximately 0.8 micrometers, doped with 
an n-type impurity such as Si to a concentration of 
4 X 10^^ atoms per cubic centimeter. The active 
layer 18 may be a non-doped lno.5Gao.5P layer of 
p-type conductivity, typically 0.06 micrometers 
thick. In principle, a carrier concentration of the 
active layer 18 is 1 x 10^^ per cubic centimeter or 
less. The active layer 18 may be of an n-or p-type. 
The second cladding layer 20 may be a p-type 
lno.5Gao.15Alo.35P layer having a thickness of ap- 
proximately 0.8 micrometers, doped with a p-type 
impurity such as Zn to a concentration of 4 x 10^^ 
atoms per cubic centimeter. With such an arrange- 
ment, it was confirmed based on X-ray diffraction 
measurement by the present inventors that the 
double-heterostructure section was excellently 
lattice-matched with the n-GaAs substrate 12. 

A p-type cap layer 22 is disposed on the 
second cladding layer 20 to a predetermined thick- 
ness, for example, 0.05 micrometers. The cap layer 
22 may be an lno.5Gao.5P layer that is doped with a 
p-type impurity such as Zn to a concentration of 2 
X 10^^ atoms per cubic centimeter. An n-type 
current-blocking layer 24 is positioned on the cap 
layer 22. The current-blocking layer 24 may be a 
GaAs layer, typically 0.5 micrometers thick and 
doped with an n-type impurity such as Si to a 
concentration of 2 x 10^^ atoms per cubic centi- 
meter. 

As shown in Fig. 2, the current-blocking layer 
24 has a rectangular elongated opening 26 in its 
central region. In this description, the opening 26 
may often be referred to as a "stripe opening" 



hereinafter. The top surface of the underlying cap 
layer 22 is partially exposed through the opening 
26. The longitudinal direction of the opening 26 
corresponds to a direction of laser oscillation 

5 (waveguide direction) of the double-heterostructure 
semiconductor laser 10. Assume that a waveguide 
channel section is a region defined between par- 
allel broken lines 28a and 28b, as shown in Fig. 2. 
Therefore, a region 30a or 30b hatched for the 

70 sake of convenience serves as an output end of an 
oscillated laser beam. As is apparent from Fig. 2, 
the stripe opening 26 of the current-blocking layer 
24 does not reach the light output end region. In 
this embodiment, the opening 26 is terminated at a 

75 position spaced apart inward from the end faces of 
the regions 30a and 30b of the laser 10 by only 
approximately 5 micrometers. In other words, each 
of both ends 26a and 26b of the opening 26 is 
located to be spaced apart from the corresponding 

20 end face of the regions 30a and 30b of the laser 1 0 
by 5 micrometers (or more). This separation dis- 
tance is designated by "d" in Fig. 2. An ohmic 
contact layer 32 (see Fig. 1) is formed on the 
current-blocking layer 24 to bury the opening 26. 

25 The ohmic contact layer 32 may be a p-type GaAs 
layer, approximately 3 micrometers thick and dop- 
ed with a p-type impurity such as Zn to a con- 
centration of 3 X 10^^ atoms per cubic centimeter. 
The structure of the cross section of the laser 

30 10 is shown in detail in Figs. 3 and 4. In the active 
layer 18, low- and high-energy band gap regions 
18a and 18b are defined. The low-energy band gap 
region 18a is formed in a central region of the 
active layer 18, and is located immediately below 

35 the stripe opening 26 of the above-mentioned 
current-blocking layer 24. A planar shape of the 
low-energy band gap region 18a, therefore, cor- 
responds to that of the opening 26. The low-energy 
band gap region 18a serves as a main light-emit- 

40 ting section. The high-energy band gap region 18b 
surrounds the low-energy band gap region 18a in 
the active layer 18. In Figs. 3 and 4, the region 18b 
is hatched for the purpose of enhancement of 
visual distinction. A difference in energy band gap 

45 between these regions 18a and 18b in the active 
layer 18 is caused by a difference in atomic align- 
ment of crystals. Such a difference in band gap 
energy realizes a non-absorbing mirror (NAM) 
structure in the laser 10. Therefore, oscillation laser 

50 beams generated in the active layer 18 are effi- 
ciently confined in the active layer 18, thus mini- 
mizing undesirable absorption in the light output 
end. 

It should be noted that the above-mentioned 
55 difference in band gap energy between the regions 
18a and 18b is required to be at least 20 meV in 
order to provide an excellent NAM structure in the 
laser 10. When photoluminescence evaluation was 
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performed for devices which were experimentally 
manufactured in practice by the present inventors, 
the band gap energy of the low-energy band gap 
region 18a was smaller than that of the high-energy 
band gap region 18b by approximately 20 to 90 
meV. When a transmission electron diffraction im- 
age of the high-energy band gap region 18b was 
examined, it was demonstrated that the region 18b 
in the active layer 18 has a zincblende structure. 
On the other hand, excessive spots were observed 
in the transmission electron diffraction image of the 
low-energy band gap region 18a. This fact appar- 
ently proves the presence of the above-mentioned 
difference in band gap energy. 

An oscillation wavelength of the double- 
heterostructure semiconductor laser 10 with the 
above arrangement is determined depending on a 
band gap energy of the low-energy band gap re- 
gion 18a of the active layer 18 in which electron 
injection is mainly performed. An absorption coeffi- 
cient of the high-energy band gap region 18b with 
respect to the oscillation light beam having the 
determined wavelength is smaller than that of the 
low-energy band gap region 18a. Therefore, un- 
desirable self absorption of the oscillation light 
beam at the low-energy band gap region 18a (i.e., 
laser beam output end) which causes a reduction 
in oscillation efficiency of the laser 10 can be 
suppressed or prevented. 

The experiment performed by the present in- 
ventors has demonstrated the following results. 
With the laser structure shown in Figs. 1 through 4, 
when semiconductor lasers each having a width of 
the stripe opening 26 of 7 micrometers, a reso- 
nance cavity length of 300 micrometers, and a 
distance d between each of two ends of the open- 
ing 26 and the corresponding laser beam output 
end of 15 micrometers were subjected to continu- 
ous oscillation, each threshold current of the lasers 
was slightly increased to 75 mA, whereas stability 
of the oscillation wavelength and basic operation 
characteristics such as light output characteristics 
were excellent. In particular, a maximum light out- 
put level was as high as 50 mW or more, and was 
very stable without decrease even if oscillation was 
continued for a long period of time e.g., 1,000 
hours or more. This indicates that undesirable self 
absorption at the light output end in the conven- 
tional laser structure is successively suppressed. 
More specifically, in the laser structure according 
to the present invention, a current was forcibly 
supplied to exceed the maximum light output level. 
Also in this case, degradation in oscillation perfor- 
mance due to an abrupt increase in threshold value 
which often occurs in the prior art was not ob- 
served at all. In the laser according to the present 
invention, it is considered that the maximum light 
output level is simply determined in accordance 



with saturation of light output caused by heat gen- 
eration. 

A method of manufacturing the device of this 
embodiment will be described below with reference 

5 to Figs. 5A to 5C. According to this manufacturing 
method, the InGaAIP NAM structure lasers can be 
manufactured by a metal organic chemical vapor 
deposition (MOCVD) process which Is presently 
available and is widely performed. 

10 As shown in Fig. 5A, the n-GaAs buffer layer 

14 is formed on the gallium arsenide (GaAs) sub- 
strate 12 of n-type conductivity. The double- 
hete restructure section, consisting of the first clad- 
ding layer 16 of n-type InGaAtP. the non-doped p- 

15 type InGaAiP active layer 18, and the second 
cladding layer 20 of p-type InGaAJtP, is formed on 
the n-GaAs buffer layer 14. The p-type InGaP cap 
layer 22 and the n-type GaAs current-blocking lay- 
er 24 are sequentially disposed on the double- 

20 heterostructure section (the current-blocking layer 
24 in Fig. 5A is hatched for the purpose of visual 
distinction from the remaining layers). The material 
and formation conditions (thickness, carrier and im- 
purity concentrations, and the like) of these layers 

25 are described above, and a detailed description 
thereof will be omitted. The layers 12 to 24 were 
formed by the MOCVD method. This step is re- 
ferred to as "first-step MOCVD process" 
hereinafter. The InGaAJtP layers which constitute 

30 the first and second cladding layers 16 and 20 
each have a property of varying a band gap energy 
depending on a crystal growth method and growth 
conditions while a mol fraction (i.e., composition) In 
the grown crystal is constant. It is considered, by 

35 persons skilled in the art. that this property is 
caused by a change in atomic alignment in the 
crystal depending on crystal growth method and 
growth conditions. In the first-step MOCVD pro- 
cess, a surface temperature of the crystal Is set to 

40 be 800 'C or less; it was set to be, e.g., 730 'C in 
this embodiment. Under the condition, the entire 
active layer 18 had a uniform low-energy band gap. 
In other words, in this manufacturing step, the 
entire active layer 18 served as a low-energy band 

45 gap region. In practice, a photoluminescence light- 
emitting wavelength of the active layer 18 at this 
time was 660 nanometers. Note that a concentra- 
tion of an impurity, i.e., Zn. doped in the p-type 
InGaAlP cladding layer (second cladding layer) 20 

50 may fall within the range of 1 x 10^^ to 5 x 10^^ 
atoms per cubic centimeter. If the concentration 
falls within this range, satisfactorily excellent tem- 
perature characteristics required when the semi- 
conductor laser is used in practice can be pro- 

55 vided. 

As shown in Fig. 5B, the current-blocking layer 
24 was subjected to chemical etching using a 
photo-lithography technique and a sulfuric acid- 
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based etchant to form the stripe opening 26 there- 
in. A planar shape of the opening 26 is described 
above with reference to Fig. 2. 

As shown in Fig. 5C, the p-type GaAs ohnnic 
contact layer 32 was crystal-grown on the top sur- 
face of the resultant structure by the MOCVD 
method. It should be noted that this step is to be 
referred to as a "second-step MOCVD process" 
hereinafter. At this time, the temperature of a cry- 
stal surface is set to be lower than that in the 
above first-step MOCVD process. In this embodi- 
ment, the temperature of the crystal surface in the 
second-step MOCVD process was kept to be 
650 'C. With such an MOCVD process, the atomic 
alignment was changed in only peripheral regions 
in the InGaP active layer 18 located immediately 
below the current-blocking layer 24. and the high- 
energy band gap region 18b was naturally formed. 
In the remaining central region, i.e., the region 
immediately below the strip opening 26, in the 
active layer 18, such a change in atomic alignment 
did not occur at all. Therefore, the central region 
still served as the low-energy band gap region 18a. 
As described above, the region 18b is substantially 
self-aligned with the stripe opening 26. The high- 
energy band gap region 18b is dot-illustrated in 
Fig. 5C for the purpose of visual distinction from 
the low-energy band gap region 18a. A careful 
attention must be paid to the fact that no specific 
additional processes are required to form the high- 
energy band gap region 18b in the active layer 18, 
and the region 18b is naturally formed by MOCVD 
crystal growth of the contact layer 32. 

The present inventors have made extensive 
studies on a physical mechanism which causes 
such a natural formation phenomenon of the high- 
energy band gap region 18b. As a result, it is 
assumed that a change in atomic alignment of 
InGaP which allows formation of the region 18b is 
caused by a change in annealing effect of the 
active layer 18 depending on the 
presence/absence of the layer component of the 
GaAs current-blocking layer 24 above the active 
layer 18. When a photoluminescence light-emitting 
wavelength in the high-energy band gap region 18b 
was measured in the device structure obtained in 
practice in Fig. 5C, the wavelength was 645 nano- 
meters, and a decrease in wavelength by approxi- 
mately 20 meV was recognized. A NAM structure 
obtained by forming the high-energy band gap 
region 18b can be manufactured with excellent 
reproducibility by appropriately controlling a crystal 
growth temperature in the second MOCVD pro- 
cess. The temperature control is recommended to 
be performed such that the first MOCVD crystal 
growth temperature is set within the range of 730 
to 800 -C, and the second MOCVD crystal growth 
temperature is set to be lower than the above set 



temperature by 50 to 100 ' C. 

After the laser structure shown in Fig. 5C is 
obtained, a laser beam output end is formed using 
a well-known conventional technique. For example, 

5 after electrode layers are respectively formed on 
the substrate 12 and the contact layer 24 in the 
structure shown in Fig. 5C, a cleavage treatment is 
performed. Therefore, the above structure is treat- 
ed so that the high-energy band gap region 18b in 

10 the active layer 18 serves as an oscillation light 
output end, thus completing the InGaAJtP NAM 
structure laser device. Note that, according to the 
laser disclosed in this embodiment, the current- 
blocking layer 24 also prevents self absorption 

75 caused by heat generation due to laser oscillation 
in the light output end serving as a non-excited 
region. However, this current-blocking layer 24 
does not contribute to realization of the above- 
mentioned NAM structure. Therefore, when the 

20 above function of the current-blocking layer 24 is 
not particularly required in a given application, the 
current-blocking layer 24 may be omitted. 

Fig. 6 perspectively shows the entire structure 
of an InGaAlP NAM structure laser according to 

25 another embodiment of the present invention, 
which is generally designated by numeral "50". 
The same parts in the laser 50 of this embodiment 
are denoted by the same reference numerals as in 
the laser 10 in the above embodiment, and a 

30 repetitive detailed description thereof will be omit- 
ted. 

A p-type InGaP layer 52 is formed on a second 
cladding layer 20 which constitutes a double- 
hete restructure section together with a first clad- 

35 ding layer 16 and an active layer 18. This layer 52 
may be typically 0.005 micrometers thick and dop- 
ed with a p-type impurity such as Zn to a con- 
centration of 1x10^^ atoms per cubic centimeter. 
This layer 52 serves as an etching stopper. A 

40 mesa-stripe cladding layer 54 is formed on the 
etching stopper layer 52. This layer 54 may be a p- 
type lno.5Gao.15Ato.35P layer 54, doped with a p- 
type impurity such as Zn to a concentration of 4 x 
10^^ atoms per cubic centimeter. The total thick- 

45 ness of layers 20 and 54 is typically 0.8 microm- 
eters. The layer 54 is formed by a crystal growth 
technique. The layer 54 serves as a part of the 
underlying second cladding layer 20. A cap layer 
56 is disposed on the mesa cladding layer 54. The 

50 cap layer 56 may be a p-type lno.5Gao.5P layer that 
is approximately 0.05 micrometers thick and doped 
with a p-type impurity such as Zn to a concentra- 
tion of 2 X 10^^ atoms per cubic centimeter. As 
shown in Fig. 6, these layers 54 and 56 have a 

55 stripe-ridge mesa structure. 

A current-blocking layer 58 is formed to cover 
the mesa structure sections 54 and 56. The 
current-blocking layer 58 may be a GaAs layer, 
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typically 0.5 micrometers thick and doped with an 
n-type impurity such as Si to a concentration of 2 
X 10^^ atoms per cubic centimeter. A planar shape 
of the current-blocking layer 58 is shown in Fig. 7. 
The current-blocking layer 58 has a stripe opening 
60 in a central region. More specifically, the 
current-blocking layer 58 is not formed in a region 
which is spaced apart inward from a laser beam 
output end of the top surface of the stripe ridge 
mesa structure consisting of the layers 54 and 56 
by a predetermined distance d (= at least 5 mi- 
crometers). The current-blocking layer 58 covers 
only the exposed top surface of the etching stop- 
per layer 52, slanted side surfaces of the stripe 
ridge masa structure section, and both end portions 
(distance d = 5 micrometers) of the mesa struc- 
ture section. With such an arrangement, low-and 
high-energy band gap regions 18a and 18b are 
formed in the active layer 18 in the same manner 
as in the above embodiment, as shown in Figs. 8 
and 9. 

An ohmic contact layer 62 (see Fig. 6) is 
formed on the current-blocking layer 58 to bury the 
stripe opening 60 in the current-blocking layer 58. 
The ohmic contact layer 62 may be a p-type GaAs 
layer, approximately 3 micrometers thick and dop- 
ed with a p-type impurity such as Zn to a con- 
centration of 3 X 10^^ atoms per cubic centimeter. 

Also in the laser 50, an excellent NAM struc- 
ture can be realized in the same manner as in the 
laser 10 in the above embodiment. More specifi- 
cally, a difference in complex index of refraction 
occurs between the mesa-stripe cladding layer 54 
and the current-blocking layer 58. An oscillated 
laser beam is confined and guided by a ridge 
portion of the mesa structure section on the basis 
of the difference in complex index of refraction. A 
current blocked by the current-blocking layer 58 is 
supplied in a portion except for the terminal por- 
tions of the mesa structure section. The high-en- 
ergy band gap region 18b in the active layer 18 is 
"transparent" with respect to the oscillation light 
wavelength determined in accordance with a band 
gap of the low-energy band gap region 18a. The 
reason for this is the same as in the above embodi- 
ment. As a result, undesirable self absorption near 
the light output ends of the laser 50 could be 
suppressed or stopped, and degradation in high- 
output laser oscillation could be eliminated. Ac- 
cording to our experiments, high-level transverse 
mode stabilized laser oscillation having a light out- 
put of 50 mW or more could be stably maintained. 

Fig. 10 shows an InGaAlP NAM structure laser 
70 according to still another embodiment of the 
present invention, which is generally designated by 
numeral "70". A semiconductor substrate 72 is a 
gallium arsenide (GaAs) layer of n-type conductiv- 
ity. A first buffer layer 74 of n-type conductivity is 



formed on the n-GaAs substrate 72. The buffer 
layer 74 is, for example, a GaAs layer that is 
typically 0.5 micrometers thick and doped with an 
n-type impurity to a concentration of 8 x 10^^ a 

5 toms per cubic centimeter. A second buffer layer 
76 of n-type conductivity is formed on the first 
buffer layer 74. The buffer layer 76 may also be a 
lno.5Gao.5P layer that is typically 0.5 micrometers 
thick and doped with an n-type impurity to a con- 

10 centration of 8 x 10^^ atoms per cubic centimeter. 

A double-heterostructure section is disposed 
on a surface of the second buffer layer 76. The 
double-heterostructure section consists of a first 
cladding layer 78, an active layer 80, and a second 

75 cladding layer 82. The first cladding layer 78 may 
be an n-type Ino.5Gao.15Alo.35P layer having a thick- 
ness of approximately 0.8 micrometers, doped with 
an n-type impurity such as Si to a concentration of 
4 X 10^^ atoms per cubic Centimeter. The active 

20 layer 80 may be a non-doped lno.5Gao.5P layer of 
p-type conductivity, typically 0.06 micrometers 
thick. In principle, a carrier concentration of the 
active layer 80 is set to be 1 x 10^'' per cubic 
centimeter or less. The active layer 80 may be of 

25 an n- or p-type. The second cladding layer 82 may 
be a p-type lno.5Gao.15AJto.35P layer having a thick- 
ness of approximately 0.8 micrometers, doped with 
a p-type impurity such as Zn to a concentration of 
4 X 10^^ atoms per cubic centimeter. 

30 The second cladding layer 82 is formed with a 

projecting portion (mesa) designated by numeral 
"84" in Fig. 10 by a known etching tratment. In Fig. 
10, a waveguide channel region to which a current 
is mainly supplied in an oscillation mode of the 

35 laser 70 is dot-ilustrated for the purpose of visual 
distinction. A p-type cap layer 87 is formed on the 
top surface of the mesa section 84. The cap layer 

87 may be an lno.5Gao.5P layer that is doped with a 
p-type impurity such as Zn to a concentration of 2 

40 X 10^^ atoms per cubic centimeter. An n-type 
GaAs current-blocking layer 86 is formed to bury 
side surfaces of the etched portion, i.e., the mesa 
section 84, in the second cladding layer 82. A 
composition and formation conditions of the layer 

45 86 may be the same as those in the laser 50 in the 
above embodiment. The top surface of the mesa 
section 84 is even with that of the current-blocking 
layer 86, as shown in Fig. 10. A p-type contact 
layer 88 is stacked on the layers 84 and 86. A 

50 composition and formation conditions of the layer 

88 are the same as those of the laser 50 in the 
above embodiment. Metal layers 90 and 92 are 
formed on the substrate 72 and the contact layer 
88, respectively. The metal layers 90 and 92 serve 

55 as p-type n-type electrodes, respectively. 

The above-mentioned laser structure 70 is 
manufactured as follows. As shown in Fig. 11 A. the 
layers 74, 76, 78. 80, 82, and 87 are sequentially 



8 



13 



EP 0 373 933 B1 



14 



formed on the substrate 72 by MOCVD crystal 
growth. Thereafter, a p-type lno.5Gao.15Ato.35P layer 
94 is disposed on the cap layer 87 by MOCVD 
crystal growth. The layer 94 serves as a damage- 
proof layer which has a great effect in the following 
etching step. Then, an Si02 masking layer 96 is 
deposited on the damage-proof layer 94. The 
masking layer 96 has a stripe shape corresponding 
to a planar shape of the above-mentioned mesa 
section 84. 

Subsequently, selective etching is performed 
using the masking layer 96. The etching is per- 
formed halfway through the second cladding layer 
82 (the second cladding layer 82 is selectively 
etched), thereby forming the mesa section 84, as 
shown in Fig. 11 B. The mesa section 84 includes 
the perfectly etched cap and damage-proof layers 
87 and 94. During the etching step, the damage- 
proof layer 94 functions to reduce etching damages 
of the underlying layers 87 and 82. A solution 
mixture of a hydrogen bromide-based etching solu- 
tion and hot sulfuric acid was used as an etchant. 

Thereafter, using the masking layer 96 again, 
the current-blocking layer 86 is formed on both 
side surfaces of the partially etched second clad- 
ding layer 82 and mesa section 84 by selective 
crystal growth using a reduced-pressure MOCVD 
method, as shown in Fig. 11C. Prior to growth of 
the current-blocking layer 86. the masking layer 96 
is subjected to partial etching, and the end portions 
are removed. Therefore, the masking layer 96 is 
treated to have an identical planar shape to those 
of the stripe openings 26 and 60 respectively 
shown in Figs. 2 and 7. Therefore, the current- 
blocking layer 86 thus formed has an identical 
rectangular shape to that in the case shown in Fig. 
2 or 7. After the current-blocking layer 86 is 
formed, the masking layer 96 was removed by, 
e.g., hydrogen fluoride. Then, the damage-proof 
layer 94 which remained on the mesa section 84 
was removed by hot sulfuric acid. 

Subsequently, as shown in Fig. 11D, the con- 
tact layer 88 is formed on the mesa section 84 and 
the current-blocking layer 86 by MOCVD crystal 
growth. Prior to growth of the layer 88, hydrogen 
selenide (H2Se), dimethylzinc (DMZ), or diethylzinc 
(DEZ) was flown together with phosphine (PH3) at a 
crystal growth temperature (700 'C) for a predeter- 
mined time period, e.g.. three minutes. When the 
additional electrodes 90 and 92 are formed in the 
resultant structure shown in Fig. 11 D by a known 
method, the InGaAiP laser is completed. 

In the device 70 according to the third embodi- 
ment, in the same manner as in the above embodi- 
ments, an oscillation laser beam output end in the 
InGaP active layer 80 serves as a high-energy 
band gap region, thus providing an excellent NAM 
structure. In addition, according to this embodi- 



ment, the use of the InGaAlP layer as the 
damage-proof layer 94 can allow the crystal growth 
process in a phosphine atmosphere to form the 
layers 78, 80, 82, 86, 87, and 88 which are grown 
5 on the second buffer layer 76. This suggests a 
possibility of drastic reduction in time period re- 
quired for the crystal growth process of the 
InGaAlP NAM structure lasers in the present in- 
vention. 

10 In addition, according to this embodiment, in 

the step of removing the Si02 layer 96 and the 
damage-proof layer 94 which is performed prior to 
forming the contact layer 88, hot sulfuric acid was 
selected as an etchant. Therefore, even if these 

15 layers 94 and 96 were carefully removed for a time 
period longer than that in a normal treatment, ac- 
cidents wherein the underlying current-blocking 
layer 86 is undesirably etched or subjected to an 
etching damage did not occur at all. As a result, 

20 the thickness of the obtained current-blocking layer 
86 could be increased up to a desired value, and 
excellent current-blocking characteristics could be 
obtained. The present inventors have examined a 
cause and effect relationship (correlation) between 

25 the thickness of the damage-proof layer 94, a dam- 
age which occurs in practice, and a lateral etching 
amount upon formation of the mesa section 84. As 
a result, the following relationships became appar- 
ent. If the thickness of the InGaAiP damage-proof 

30 layer 94 was set to be 0.1 micrometer or less, the 
damage of the resultant current-blocking layer 82 
was noticeable. If the thickness of the layer 94 was 
set to be 0.5 micrometers or more, a lateral etching 
amount upon formation of the mesa section 84 was 

35 increased. Therefore, the thickness of the damage- 
proof layer must be selected within the range of 
0.1 to 0.5 micrometers. 

Fig. 1 2 shows the entire structure of an 
InGaAlP NAM structure layer according to the 

40 fourth embodiment of the present invention, which 
is generally designated by numeral "100". The 
laser 100 includes an n-type GaAs substrate 102. A 
first cladding layer 104 of an n-type lnO-5- 
(Gai-xAJtx)o.5P layer, a non-doped InGaP active 

45 layer 106, and a second cladding layer 108 of a p- 
type !no.5(Gai-xAlx)o.5P layer are sequentially 
formed on the substrate 1 02 to constitute a double- 
heterostructure section. A p-type InGaP cap layer 
110 is formed on the second cladding layer 108. 

50 An n-type GaAs current-blocking layer 112 and a 
p-type GaAs contact layer 114 are formed on the 
top surface of the cap layer 110. N-and p-side 
electrode layers 116 and 118 are formed on the 
substrate 102 and the contact layer 114, respec- 

55 tively. In Fig. 12, the width (i.e.. the waveguide 
channel width) of the stripe opening in the current- 
blocking layer 112 is denoted by reference symbol 
"Ws", and was set to be 7 micrometers in this 
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embodiment. A length of the substrate 102 along 
the above channel width is denoted by reference 
symbol "Ls". and was selected to be 300 microm- 
eters. Although not visible in Fig. 12, a resonance 
cavity length L of the laser 100 was set to be, e.g., 
300 micrometers. The thickness of each of the first 
and second cladding layers 104 and 108 is de- 
noted by reference symbol "h", and was set to be 
0.8 micrometers. The thickness of the active layer 
106 is denoted by reference symbol "a", and was 
set to be, e.g., 0.06 micrometers. 

The values of the lengths Ls and Ws in the 
laser 100 are selected in consideration of the fol- 
lowing. The value Ls must be at least four times 
the value Ws for the following reason. A measure- 
ment result of change characteristics of a tempera- 
ture increase T of the active layer 1 10 as a function 
of the value Ls in a continuous oscillation mode of 
the laser 100 is shown in the graph in Fig. 13. The 
temperature increase AT is obtained by repeating 
simulation calculation while the value Ls is varied 
using a thermal conduction model. As is apparent 
from the graph in Fig. 13, the temperature in- 
creased AT is varied depending on the substrate 
length Ls with a consistent tendency. The tempera- 
ture increase AT must be minimized. If a target 
value of the temperature increase AT is 10 de- 
grees, and measurement values of the substrate 
length Ls with respect to the channel width Ws are 
plotted, the graph In Fig. 14 showing correlation 
characteristics can be obtained. Assume that, in 
Fig. 14, a solid curve represents actual characteris- 
tics, and that a broken line is a basic line repre- 
senting "Ls = 4.Ws". When a region in which AT 
^ 10 is extracted from the graph in Fig. 14, the 
length Ls is always four times or more the channel 
width Ws. On the basis of the consideration based 
on the above fact, in the laser 100 of this embodi- 
ment, when the channel width Ws was set to be 7 
micrometers, the substrate length Ls was selected 
to be 300 micrometers. 

In the above embodiments, the internal current- 
blocking structure laser and the transverse mode 
stabilized structure laser having a light guide struc- 
ture of a stripe ridge cladding layer are exempli- 
fied. However, a semiconductor laser having a 
similar structure near a light output end can 
achieve laser characteristics which are not deg- 
raded up to a high output, as a matter of course. 
The cause of a difference in band gap energy, 
which in turn is caused by a difference In atomic 
alignment depending on a crystal growth method 
and growth conditions, is considered as follows. 
The atomic distances between In, Ga, and Ai - 
(Group III) and P (Group V) are different from each 
other. The atoms are aligned not randomly on the 
Group III lattice points but regularly in accordance 
with the crystal growth process, thus setting a 



stable state with low free energy. Therefore, it is 
considered that such a phenomenon may occur in 
not only InGaAJtP, but also a general mixed crystal 
(e.g., InGaAsP, InGaAJtAs, or ZnSSe) of compound 

5 semiconductors having different lattice constants. 
For example, the above embodiments can be ap- 
plied to an active layer having a super-lattice struc- 
ture of GaAs or AlGaAS. Therefore, the above 
embodiments can be applied to a semiconductor 

10 laser using the above compound semiconductor 
mixed crystal except for InGaAIP. 

Claims 

75 1. A method of manufacturing a semiconductor 
laser, comprising the steps of: 

forming a double-heterostructure section of 
a compound of indium, gallium, aluminum, and 
phosphorus above a semiconductor substrate 

20 by a first metal organic chemical vapor deposi- 

tion process, said double-heterostructure sec- 
tion including first (16) and second (20) clad- 
ding layers and an active layer (18) sand- 
wiched therebetween; and 

25 forming a first semiconductor layer (24, 

58) on said double-heterostructure section, 
characterized by further comprising the steps 
of: 

selectively etching said first semiconductor 

30 layer to form a stripe opening (26) In said first 

semiconductor layer; and 

forming a second semiconductor layer (32, 
62) on said first semiconductor layer to cover 
said opening (26) by a second metal organic 

35 chemical vapor deposition process, whereby a 

band gap energy of said active layer is re- 
duced in a first region (18a) located imme- 
diately below said opening (26), and a band 
gap energy of a second region (18b) except 

40 for said first region is increased to be higher 

than the band gap energy of said first region, 
said second region including a peripheral end 
corresponding to a light output end portion of 
said laser, so that self absorption of a laser 

45 beam at said light output end portion in an 

oscillation mode of said laser is suppressed. 

2. The method according to claim 1, character- 
ized In that a crystal growth temperature in the 

50 second metal organic chemical vapor deposi- 

tion process Is lower than that In the first metal 
organic chemical vapor deposition process. 

3. The method according to claim 2, character- 
55 Ized In that said first semiconductor layer com- 
prises gallium arsenide. 
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4. The method according to claim 3, character- 
ized in that said first and second semiconduc- 
tor layers serve as current-blocking and con- 
tact layers, respectively. 

5. The method according to claim 4, character- 
ized in that said second cladding layer is sub- 
jected to selective etching prior to formation of 
said first semiconductor layer, thus forming a 
stripe projection layer (54). 

6. The method according to claim 5, character- 
ized in that said first semiconductor layer cov- 
ers both side surfaces and both peripheral 
ends of said projecting layer. 

7. The method according to claim 6, character- 
ized in that said active layer comprises a com- 
pound of indium, gallium, and phosphorus. 

8. A method for manufacturing a semiconductor 
laser comprising the steps of: 

forming a first cladding layer (16, 78, 104) 
above a semiconductive substrate (1 2, 72. 
102); 

forming an active layer (18. 80, 106) on 
said first cladding layer; 

forming a second cladding layer (20, 82. 
108) on said active layer, said second cladding 
layer including a waveguide channel region to 
which a current is mainly supplied in an os- 
cillation mode of said laser, and an output end 
from which an oscillated laser light is externally 
output, characterized by further comprising the 
steps of: 

forming, on said second cladding layer, a 
current-blocking layer (24, 58. 86, 112) having 
an opening (26. 60) defined above a central 
region of said waveguide channel region, for 
covering said output end of said second clad- 
ding layer; and 

defining a specific energy band gap region 
(18b) in said active layer at a peripheral portion 
adjacent to said output end of said second 
cladding layer, said region including a first 
energy band gap larger than a second energy 
band gap in a substantially central region (18a) 
of said active layer, thereby to prevent or sup- 
press self absorption of the oscillated laser 
light at said output end of said second clad- 
ding layer. 

9. The method according to claim 8. character- 
ized in that said active layer comprises a com- 
pound of indium, gallium, and phosphorus. 

10. The method according to claim 9, character- 
ized in that said first and second cladding 



layers comprise a compound of indium, gal- 
lium, aluminum, and phosphorus. 

11. The method according to claim 10, character- 
5 ized in that an elongated projecting layer (54, 

84) serving as said waveguide channel region 
is formed in said second cladding layer. 

12. The method according to claim 11. character- 
10 Ized in that said opening (60) of said current- 
blocking layer (58) is formed so as to be 
elongated and correspond to said projecting 
layer (54). 

75 13. The method according to claim 10, character- 
ized in that said waveguide channel has a 
selected width (Ws), and in that a length (Ls) 
of said substrate (102) in a direction perpen- 
dicular to said channel region is at least four 

20 times said selected width (Ws) of said 

waveguide channel. 

Patentanspruche 

25 1. Verfahren zur Herstellung eines Halbleiterla- 
sers in folgenden Schritten: 

Ausbilden eines Doppelheterostrukturbe- 
reichs aus einer Verbindung von Indium, Galli- 
um, Aluminium und Phosphor uber einem 

30 Halbleitersubstrat mittels eines ersten metallor- 

ganischen chemischen Aufdampfprozesses, 
wobei der Koppelheterostrukturbereich erste 
(16) und zweite (20) Uberzugsschichten und 
eine dazwischen eingefugte aktive Schicht (18) 

35 aufweist, und 

Ausbilden einer ersten Halblelterschicht 
(24, 58) auf dem Doppelheterostrukturbereich, 
ferner gekennzeichnet durch folgende Schritte: 
selektives Atzen der ersten Halbleiter- 

40 schicht zur Bildung einer streifenformigen Off- 

nung (26) in der ersten Halbleiterschicht und 

Ausbilden einer zweiten, die Offnung (26) 
bedeckenden Halbleiterschicht (32, 62) auf der 
ersten Halbleiterschicht mittels eines zweiten 

45 metallorganischen chemischen Aufdampfpro- 

zesses. wobei eine Bandabstandsenergie der 
aktiven Schicht in einem ersten, unmittelbar 
unter der Offnung (26) gelegenen Bereich 
(18a) verringert und eine Bandabstandsenergie 

50 eines zweiten Bereichs (18b), mit Ausnahme 

des ersten Bereichs, auf einen hoheren Wert 
als die Bandabstandsenergie des ersten Be- 
reichs erhoht wird. und wobei der zweite Be- 
reich ein Umfangsende entsprechend einem 

55 Lichtausgangsendabschnit des Lasers aufweist, 

so da6 die Selbstabsorption eines Laserstrahls 
am Lichtausgangsendabschnitt in einem 
Schwingungsmodus des Lasers unterdrGckt ist. 
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2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB eine Kristallwachstumstempera- 
tur im zweiten metallorganischen chemischen 
Aufdampfprozefl niedriger ist als die im ersten 
metallorganischen chemischen Aufdampfpro- 
zeB. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daS die erste Halblelterschicht aus 
Galliumarsenid besteht. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, dafi die ersten und zweiten Hatblei- 
terschichten als Stromsperr- bzw. Kontakt- 
schichten dienen. 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet. da6 die zweite Oberzugsschicht vor 
der Ausbildung der ersten Halbleiterschicht ei- 
nem selektiven Atzen zur Ausbildung einer 
streifenformigen Vorsprungs- Oder Erhebungs- 
schicht (54) unterworfen wird. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die erste Halbleiterschicht beide 
Seitenflachen und beide Umfangenden der 
Vorsprungs- oder Erhebungsschicht bedeckt. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die aktive Schicht aus einer Ver- 
bindung von Indium, Gallium und Phosphor 
besteht. 



gangsende der zweiten Oberzugsschicht, wo- 
bei dieser Bereich einen ersten Energieab- 
stand aufweist, der grofler ist als ein zweiter 
Energiebandabstand in einem im wesentlichen 
5 zentralen Bereich (18a) der aktiven Schicht, 

urn damit eine Selbstabsorption des schwin- 
genden Laserlichts am Ausgangsende der 
zweiten Oberzugsschicht zu verhindern oder zu 
unterdrucken. 

70 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB die aktive Schicht aus einer Ver- 
bindung von Indium, Gallium und Phosphor 
besteht. 

75 

10. Verfahren nach Anspruch 9, dadurch gekenn- 
zeichnet, daB die ersten und zweiten Ober- 
zugsschichten aus einer Verbindung von Indi- 
um, Gallium, Aluminium und Phospor beste- 

20 hen. 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daB in der zweiten Oberzugsschicht 
eine als Wellenleiterkanalbereich dienende 

25 langgestreckte Vorsprungs- oder Erhebungs- 

schicht (54. 84) geformt wird. 

12. Verfahren nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die Offnung (60) der Stromsperr- 

30 schicht (58) so geformt wird, daB sie langge- 

streckt ist und der Vorsprungs- oder Erhe- 
bungsschicht (54) entspricht. 



8. Verfahren zur Herstellung eines Halbleiterla- 

sers in folgenden Schritten: 35 

Ausbilden einer ersten Oberzugsschicht 
(16, 78, 104) uber einem Halbleitersubstrat (12, 
72, 102), 

Ausbilden einer aktiven Schicht (18, 80, 
106) auf der ersten Oberzugsschicht, 4o 

Ausbilden einer zweiten Oberzugsschicht 
(20, 82, 108) auf der aktiven Schicht, wobei die 
zweite Oberzugsschicht einen Wellenleiterkan- 
albereich, dem in einem Schwingungsmodus 
des Lasers ein Strom hauptsachlich zugespeist 45 
wird, und ein Ausgangsende aufweist, von wel- 
chem schwingendes Laserlicht nach auBen 
ausgegeben wird, ferner gekennzeichnet durch 
folgende Schritte: 

auf der zweiten Oberzugsschicht erfolgen- 50 
des Ausbilden einer eine uber einem zentralen 
Bereich des Wellenleiterkanals festgelegte Off- 
nung (26, 60) aufweisenden Stromsperrschicht 
(24, 58, 86, 112) unter Bedeckung des Aus- 
gangsendes der zweiten Oberzugsschicht und 55 

Festlegen eines spezifischen Energieband- 
abstandsbereichs (18b) in der aktiven Schicht 
an einem Umfangsabschnitt nebem dem Aus- 



13. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daB der Wellenleiterkanal eine ausge- 
wahlte Breite (Ws) aufweist und daB die Lange 
(Ls) des Substrats (102) in einer Richtung sek- 
recht zum Kanalbereich mindestens das Vierfa- 
che der ausgewahlten Breite (Ws) des Wellen- 
leiterkanals betragt. 

Revendications 

1. Procede de fabrication d'un laser a semicon- 
ducteur, comprenant les Stapes de : 

formation d'une section h double h^t^ros- 
tructure en un compost d'indium, de gallium, 
d'aluminium et de phosphore au-dessus d'un 
substrat semiconducteur au moyen d'un pre- 
mier processus de depot chimique en phase 
vapeur d'organo-m^talliques, ladite section a 
double heterostructure incluant des premiere 
(16) et seconde (20) couches de gainage et 
une couche active (18) prise en sandwich entre 
elles ; et 

formation d'une premiere couche semicon- 
ductrice (24, 58) sur ladite section a double 
heterostructure, 
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caracterise en ce qu'ii comprend en outre 
les etapes de : 

gravure de fagon selective de ladite pre- 
miere couche semiconductrice pour former 
une ouverture en bande (26) dans ladite pre- 
miere couche semiconductrice ; et 

formation d'une seconde couche semicon- 
ductrice (32, 62) sur ladite premiere couche 
semiconductrice afin de recouvrir ladite ouver- 
ture (26) au moyen d'un second processus de 
depot chimique en phase vapeur d'organo- 
metalliques d'ou il resulte qu'une energie de 
bande interdite de ladite couche active est 
reduite dans une premiere region (18a) situee 
imm§diatement au-dessous de ladite ouverture 
(26) et une energie de bande interdite d'une 
seconde region (18b) a I'exception de ladite 
premiere region est augmentee de telle sorte 
qu'elle est superieure a I'energle de bande 
interdite de ladite premiere region, ladite se- 
conde region incluant une extr^mit^ p^riph^ri- 
que correspondent a une partie d'extremite de 
sortie de lumiere dudit laser de telle sorte 
qu'une auto-absorption d'un faisceau laser au 
niveau de ladite partie d'extremite de sortie de 
lumiere qui s'effectue seton un mode oscillatoi- 
re dudit laser soit supprimee. 

2, Precede selon la revendication 1, caracterise 
en ce qu'une temperature de croissance cris- 
talline lors du second processus de depot chi- 
mique en phase vapeur d'organo-metalliques 
est inferleure a celle qui prevaut lors du pre- 
mier processus de depot chimique en phase 
vapeur d'organo-metalliques. 

3, Procede selon la revendication 2, caracterise 
en ce que ladite premiere couche semiconduc- 
trice comprend de I'arseniure de gallium. 

4, Proc^d^ selon la revendication 3, caracterise 
en ce que lesdites premiere et seconde cou- 
ches semiconductrices servent respectivement 
de couches de blocage de courant et de 
contact. 



7. Procede selon la revendication 6, caracterise 
en ce que ladite couche active comprend un 
compose d'indium, de gallium et de phospho- 
re. 

5 

8. Proced^ de fabrication d'un laser h semicon- 
ducteur comprenant les Stapes de : 

formation d'une premiere couche de gai- 
nage (16, 78, 104) au-dessus d'un substrat 

70 semiconducteur (12, 72. 102) ; 

formation d'une couche active (18, 80, 
106) sur ladite premiere couche de gainage ; 

formation d'une seconde couche de gaina- 
ge (20, 82, 108) sur ladite couche active, ladite 

75 seconde couche de gainage incluant une re- 

gion de canal de guide d'ondes a laquelle un 
courant est principalement applique selon un 
mode oscillatoire dudit laser et une extr^mite 
de sortie depuis laquelle une lumiere laser 

20 oscillee est emise en sortie de fagon externe, 

caract4ris6 en ce qu'il comprend en outre 
les etapes de : 

formation, sur ladite seconde couche de 
gainage, d'une couche de blocage de courant 

25 (24, 58, 86, 112) comportant une ouverture (26, 

60) definie au-dessus d'une region centrale de 
ladite region de canal de guide d'ondes pour 
recouvrir ladite extremity de sortie de ladite 
seconde couche de gainage ; et 

30 definition d'une region de bande interdite 

specifique (18b) dans ladite couche active au 
niveau d'une partie p^riph^rique adjacente h 
ladite extremity de sortie de ladite seconde 
couche de gainage, ladite region incluant une 

35 premiere bande interdite plus importante 

qu'une seconde bande interdite prevue dans 
une region sensiblement centrale (18a) de ladi- 
te couche active, cecl afin d'empecher ou de 
supprimer I'auto-absorption de la lumiere laser 

40 oscillee au niveau de ladite extremite de sortie 

de ladite seconde couche de gainage. 

9. Procede selon la revendication 8, caracterise 
en ce que ladite couche active comprend un 

45 compose d'indium, de gallium et de phosphore 



5. Proc^d^ selon la revendication 4, caracterise 
en ce que ladite seconde couche de gainage 
est soumise h une gravure selective avant la 
formation de ladite premiere couche semicon- 50 
ductrice, d'ou la formation d'une couche se 
projetant en bande (54). 

6. Procede selon la revendication 5, caracterise 

en ce que ladite premiere couche semiconduc- 55 
trice recouvre les deux surfaces laterales et les 
deux extr^mites peripheriques de ladite cou- 
che se projetant en bande. 



10. Procede selon la revendication 9, caracterise 
en ce que lesdites premiere et seconde cou- 
ches de gainage comprennent un compose 
d'indium, de gallium, d'aluminium et de phos- 
phore. 

11. Precede selon la revendication 10, caracterise 
en ce qu'une couche se projetant allongee (54, 
84) qui sert de dite region de canal de guide 
d'ondes est formee dans ladite seconde cou- 
che de gainage. 
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12. Procede selon la revendication 11, caracterise 
en ce que ladite ouverture (60) de ladite cou- 
che de blocage de courant (58) est formee de 
maniere h etre allong^e et a correspondre a 
ladite couche se projetant (54). 5 

13. P(oc666 selon la revendication 10. caracterise 
en ce que ledit canal de guide d'ondes pre- 
sente une largeur setectionnee (Ws) et en ce 
qu'une longueur (Ls) dudit substrat (102) sui- ;o 
vant une direction perpendiculaire a ladite re- 
gion de canal vaut au moins quatre fois ladite 
largeur selectionnee (Ws) dudit canal de guide 
d'ondes. 
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